Objective: The association of hyperglycemia and hypercholesterolemia with use of atypical anti psychotics has been documented in case reports and uncontrolled studies. The authors' goal was to assess the effects of c1ozapine, olanzapine, risperidone, and haloperidol on glucose and cholesterol levels in hospitalized patients with schizophrenia or schizoaffective disorder during a randomized double-blind 14-week trial.
Results: One hundred eight ofthe 157 patients provided blood samples at baseline and at least at one point after random assignment to c1ozapine, olanzapine. risperidone, or haloperidol during the treatment trial. Seven of these patients had diabetes; their glucose levels were >125 mg/dl at baseline. Data from 101 patients were used for statistical analyses. During the initial 8-week period there was an overall significant increase in mean glucose levels. There were significant increases in glucose levels at the end of the a-week fixed-dose period for patients given c10zapine (N=27) and those given haloperidol (N=25). The olanzapine group showed a significant increase of glucose levels at the end of the 6-week variable-dose period (N=22). Fourteen of the 101 patients developed abnormal glucose levels (>125 mg/dl) during the trial (six with c1ozapine, four with olanzapine, three with risperidone, and one with haloperidol). Cholesterol levels were increased at the end of the a-week fixed-dose period for the patients given c10zapine (N=27) and those given olanzapine (N=26); cholesterol levels were also increased at the end of the 6-week variable-dose period for patients given olanzapine (N=22).
Conclusions: In this prospective randomized trial, c1ozapine, olanzapine, and haloperidol were associated with an increase of plasma glucose level, and c10zapine and olanzapine were associated with an increase in cholesterol levels. The mean changes in glucose and cholesterol levels remained within clinically normal ranges, but approximately 14% of the patients developed abnormally high glucose levels during the course of their participation in the study.
(Am) Psychiatry 2003; 160:290-296) Abnormal ities in glucose regulation have been reported in schizophrenia before and after the introduction of antipsychotic medications (1--6) . Hyperglycemia in the context of treatment with atypical antipsychotic medications has been documented in several series of uncontrolled case reports, and clozapine and olanzapine have been implicated more frequently than risperidone . Complicating this issue is the observation that patients with schizophrenia are more likely to develop diabetes mellitus than the general population (4), regardless of antipsychotic use. In addition, there is a trend toward an increase in the prevalence of diabetes mellitus in the general population (36) . Large epidemiological studies have provided conflicting information regarding the relative risk of diabetes and exposure to different antipsychotics (33, (37) (38) (39) (40) . Significant elevations in triglyceride and cholesterol levels have also been reported in association with atypical antipsychotic treatment (26, 32, 41) . However, the true incidence ofboth hyperglycemia and hypercholesterolemia induced by different typical or atypical medications is not known at this time. We had the opportunity to study the effects of both typical and atypical antipsychotic medications on glucose and cholesterol levels during a randomized, controlled, prospective trial in patients with suboptimal response to previous antipsychotic medication.
Method
The data for this investigation were collected during a randomized, double-blind, 14-week clinical trial of clozapine, olanzapine, risperidone, and haloperidol in patients with schizophrenia or schizoaffective disorder. The primary purpose of the trial was to investigate the comparative efficacy of atypical antipsychotics in a group of inpatients with suboptimal therapeutic response to previous antipsychotic treatments. A brief description of the parent study is provided here; the complete report is available elsewhere (42) .
Study Design
The prospective, double-blind trial consisted of two periods: an 8-week, fixed-dose period (period I) and a 6-week, variabledose period (period 2). The fixed-dose target levels were 500 mg/ day for clozapine, 20 mg/day for olanzapine, 8 mg/dayfor risperidone, and 20 mg/ day for haloperidol. The actual mean dose levels for the 101 patients who were included in the statistical analyses for the current study were 443.7 mg/day (SD=120.2) for clozapine, 20.1 mg/day (SD=1.2) for olanzapine, 8.5 mg/day (SD=2.2) for risperidone, and 20.0 mg/ day (SD=O.O) for haloperidol at the end of period 1. At the end of period 2 the mean dose levels were 477.2 mg/day (SD=157.2), 31.4 mg/day (SD=6.0), 11.6 mg/day (SD=3.7), and 25.8 mg/day (SD=5.I) for c1ozapine. olanzapine. risperidone, and haloperidol, respectively.
Benztropine. 4 mg/day, was administered prophylactically to all patients receiving haloperidol. Patients assigned to atypical antipsychotics were initially receiving only benztropine placebo, but if the patient's psychiatrist determined clinically that the patient should be treated for extrapyramidal side effects, prescriptions for "benztropine supplements" could be written, resulting in real benztropine gradually replacing benztropine placebo (up to 6 mg/day). Propranolol was allowed for the treatment of akathisia. Lorazepam, diphenhydramine hydrochloride, and chloral hydrate were permitted as needed for agitation and insomnia. No other adjunctive psychotropic medication was allowed in the study.
Subjects
The subjects were inpatients at four hospitals, two in New York State and two in North Carolina. Patients met DSM-IV criteria for schizophrenia or schizoaffective disorder and remained hospitalized throughout the trial. All patients met the following criteria for suboptimal treatment response: I} presence of persistent positive symptoms (hallucinations, delusions, or marked thought disorder) after at least 6 contiguous weeks of treatment with one or more typical anti psychotics at doses equivalent to or greater than 600 mg/day ofchlorpromazine, 2) a poorlevel offunctioning over the past 2 years, and 3) a total score greater than 60 on the Positive and Negative Syndrome Scale (43) . Patients were excluded from the trial if they had I) a history of failure to respond to clozapine, risperidone. or olanzapine; 2} a history of clozapine, olanzapine, risperidone, or haloperidol intolerance; 3} depot antipsychotic treatment within 30 days before random assignment to one of the four drugs; or 4} substantial medical illness. After complete description of the study, written informed consent was obtained from all patients.
Assessments
Assessments for the present analyses included fasting blood samples for glucose and cholesterol at baseline (before the first dose of study medication) and at the end of periods 1 and 2. Patients were included in the study if their glucose levels at baseline and at least one other time point during the study were available. Only results of blood samples collected at morning fasting times were included in the analyses. Plasma glucose and cholesterol LINDEN MAYER, CZOBOR. VOLAVKA. ET Al. levels were determined by enzymatic procedures applying the Boehringer Mannheim/Hitachi 714 automated chemistry analyzer and using the standard analytical system packs Glucose/HK and CholesterollHP. Patients' weight was determined at baseline and endpoint of each period. Patients' height was measured at the time of enrollment in the study. Weight gain was computed as the absolute and relative (%) change in body weight (kg) between baseline and study endpoint. Body mass index was computed as body weight (kg) divided by the square of height (m 2 ).
Statistical Analysis
The principal objective of the analyses described in this report was to examine change in glucose and cholesterol levels during treatment with typical and atypical antipsychotics and to determine the incidence of hyperglycemia during such treatment in patients who had no known history of diabetes at the time of enrollment in the study. Accordingly, patients whose glucose blood levels at baseline were within normal laboratory limits constituted the main study group for the statistical analyses.
The relationship between change in glucose and cholesterol levels and antipsychotic medication was investigated by analysis of covariance (ANCOVA). Changes in glucose and cholesterol levels between baseline and the end of period I and between baseline and the end of period 2 were used as the dependent variables; aseparate analysis was performed for each ofthe two measures in each of the two study periods. Last observation carried forward analysis was used within the respective study periods. Type of medication (treatment group) was used as the independent variable. Glucose and cholesterol levels at baseline were used as covariates. Post hoc analyses (Tukey's Studentized range test for pairwise comparisons) for glucose and cholesterol levels were conducted between the medication groups. We conducted paired t tests to examine specific differences between baseline of period 1 and period 2 for each medication group for both glucose and cholesterol levels.
To investigate change over time in terms of transitions from normal to abnormal metabolic ranges, we constructed shift tables for each of the two study periods by using each of the two laboratory indexes (glucose and cholesterol). An abnormal glucose level was defined in our study as >125 mg/dl on the basis of one of the criteria of the American Diabetes Association (44); an abnormal cholesterol level was defined as greater than 200 mg/ dl.
Since the main study group comprised patients whose baseline glucose blood levels were within normal range, the shift tables for glucose change (in each group) contained only two cells (normal to elevated, normal to normal) because each patient in the main group could exhibit one of two potential transition sequences between baseline and the end of a study period (Le., normal to elevated or normal to normal). We used chi-square analysis to compare the proportion of patients who shifted from normal to abnormal glucose levels within each treatment group.
For cholesterol changes, the shift tables for each study group comprised four cells because elevated cholesterol values could occur in the main study group at baseline. Specifically, each of the four cells in a two-by-two shift table represented one of four potential transition sequences for each patient: normal to elevated, elevated to normal, normal to normal. elevated to elevated. Since the observations in a two-by-two shift table are not independent of each other, the analysis of the shift tables was based on McNemar's test.
Relationship between weight gain and change in blood levels of glucose and cholesterol was investigated by ANCOVA. Weight gain was used as the dependent variable. Change in blood levels and medication group were used as independent variables; baseline weight and blood level at baseline were used as covariates. An interaction between blood level change and medication group was included in the model. Separate ANCOVAs were performed 
Results

Demographic and Basic Descriptive Data
Altogether, 157 patients entered the double-blind trial (42); 133 patients provided fasting glucose levels at some point during the study. Of these, seven were excluded for lack of baseline glucose level and 18 were excluded for lack of glucose levels at points during the study. This resulted in 108 patients who were included in the present report. Seven ofthese patients, diagnosed as having diabetes, had elevated glucose levels (>125 mg/dll at baseline and were therefore not included in the main study group; their results are presented separately in this report. The remaining 101 patients constitute the main study group for statistical analyses.
Twenty-eight patients were randomly assigned to treatment with ciozapine, 25 to haloperidol, 26 to olanzapine. and 22 to risperidone. The mean age of the study group was 40.33 years (SD=9.4). Eighty-five patients were men, and 16 were women. The clozapine group had a 25:3 maleto-female ratio, the haloperidol group 20:5, the olanzapine group 22:4, and the risperidone group 18:4 (p=0.81, n.s., two-sided Fisher's exact test). Overall, patients were more likely to be diagnosed with schizophrenia (N=89) than with schizoaffective disorder. Twenty-nine (28.7%) of the patients were Caucasian, 59 (58.4%) were African American, 11 (10.9%) were Hispanic, and two (2.0%) were AsianPacific Islander.
Analysis of variance revealed a statistically significant difference among the four groups in baseline glucose levels (F=4.0, df=3, 100, p<O.OI). Post hoc analyses (Tukey's Studentized range test for pairwise comparisons) for glucose levels at baseline showed that patients in the clozapine and risperidone groups showed significantly (p<0.05) higher levels than those in the haloperidol group. No other group baseline difference relevant for the present analysis showed statistical significance in the analyses.
Patient Attrition
The completion rate for the full 14-week trial was 72.3% (N=73) among the 101 patients who were included in the main study group. There was no significant difference among the treatment groups in the proportion of patients completing the trial: 17 (60.7%) of 28 for clozapine, 20 (80.0%) of 25 for haloperidol, 22 (84.6%) of 26 for olanzapine, and 14 (63.6%) of 22 for risperidone.
Change in Glucose Levels Over Time
Descriptive information for change in glucose over time is displayed in Table 1 . ANCOVA analyses indicated that differences among treatment groups reached significance in period 1 (F=4.4, df=3, 99, p=0.006) but not in period 2 (F= 1.14, df=3, 72, n.s.). The increase in mean glucose blood levels over time reached statistical significance in the clozapine and haloperidol groups after 8 weeks. There was a statistically significant increase in the olanzapine group after 14 weeks (Table 1) . No significant change in glucose was detected in the risperidone group. All increases in mean glucose levels remained within the normal clinical range. However, 14 (13.9%) of the 101 patients developed abnormal glucose levels (>125 mg/dll at some point during randomized treatment (Table 2) . African American patients were represented at a higher proportion (11 [18.6%1 of 59) than white patients (three [10.3%1 of 29) or Hispanic patients (none of 11) in the subgroup who displayed abnormal glucose. Differences among the three ethnic groups failed to reach statistical significance. The treatment group difference in the proportion of patients with a shift from normal to abnormally elevated glucose levels in periods 1 and 2 was not statistically significant, although there was a numerical trend for clozapine to show a higher number of shifts than the other three groups during period 1.
The seven patients who had elevated baseline glucose levels and who had diabetes mellitus were treated with antihyperglycemic agents during the study. The results for these patients were not included in the analysis of the main study group. As indicated by the data in Table 3 , glucose levels decreased over the treatment period in five of these seven patients. a None of the patients randomly assigned to reserpine treatment had abnormally high baseline glucose levels.
Change in Cholesterol Levels Over Time
groups reached statistical significance (p<0.05). Analogous analyses for period 2 indicated no significant differences among the four treatment groups. As shown in Table 4 , there was an increase in cholesterol level in the clozapine and olanzapine groups in period 1. Cholesterol level elevation in the clozapine group in period 2 was of a similar magnitude to that seen in period I, but it failed to reach statistical significance. The cholesterol increase in the olanzapine group reached statistical significance in period 2. No significant change over time in cholesterol was detected in the haloperidol and risperidone groups. All mean cholesterol increases remained within normal clinical range. The analysis of shift tables for cholesterol revealed no significant change over time in terms of transitions from normal to abnormal levels in any ofthe four treatment groups.
Relationship Between Weight Increase and Metabolic Changes
Weight gain in the parent study has been described elsewhere (45) . In the current subgroup, the largest weight gain was seen with olanzapine (mean change=7.3 kg, SD= 7.6) (paired t=4.94, df=27, p<O.OOOll. followed by clozapine (mean change=4.B kg, SD=6.1) (paired t=4.1, df=26, p<0.0003) and risperidone (mean change=2.4 kg, SD=6.3) (paired t=1.79, df=21, p=0.09). There was minimal weight gain with haloperidol (mean change=0.9 kg, SD=5.7) (n.s.). ANCOVA indicated no main effect or treatment interaction for the relationship between glucose change and weight gain at endpoint.
A significant main effect for the association of cholesterol change and weight gain at endpoint was found for the four groups combined (F=12.01, df=l, 99, p=O.OOOB). Exploring the correlation between weight increase and cholesterol increase in each individual group, we found a significant association in the clozapine group (r=0.5, df= 27, p=O.OOB) and in the olanzapine group (r=0.4, df=26, p= 0.035). To investigate whether these associations were independent of baseline values, initial cholesterol levels and baseline weight were introduced as covariates in the analyses. Results indicated that the association in the clozapine group remained statistically significant (t=-2.37, df= 1, 26, p<0.03l. whereas the association in the olanzapine group obtained marginal significance (t=-1.93, df=l, 25, p=0.06). There was no association between baseline body mass index and increase in cholesterol level.
Discussion
We believe that this is the fust report comparing the simultaneous effects of four antipsychotic medications on two important metabolic measures indexing glucose and lipid metabolism in patients with chronic schizophrenia who had a history of partial antipsychotic treatment response and who were randomly assigned to one of the four treatments under double-blind conditions. We found that clozapine and haloperidol were associated with sig- nificantly elevated mean glucose levels after 8 weeks of treatment, that olanzapine was associated with significantly elevated glucose levels after 14 weeks of treatment, and that risperidone was not associated with significant increases. The mean increases were modest and remained within clinically normal ranges, but approximately 14% of patients (six given clozapine, four given olanzapine, three given risperidone, and one given haloperidol) developed abnormally high glucose levels (>125 mg/dl) during the course of their study treatment. Clozapine showed a trend toward a higher number of patients shifting glucose levels from normal baseline levels to clinically abnormal levels after 14 weeks of treatment. Changes in glucose levels were independent of weight increase in all four treatment groups, despite significant weight gains, which were highest for olanzapine, followed by clozapine and risperidone Interestingly, in the small subset of patients with preexisting diabetes (N=7), antipsychotic treatment did not appear to have a deleterious effect on glucose metabolism. In a nonrandomized study that compared the same three atypical and typical antipsychotics as our study, similar results were found for clozapine and olanzapine (46) . When challenged with a modified glucose tolerance test, the olanzapine-treated and clozapine-treated groups had significant elevations in postload glucose levels at all time points compared with untreated control subjects and haloperidol-treated patients. In addition, mean glucose levels were significantly higher in the risperidone-treated group than in the control group.
We reviewed reports of hyperglycemia and diabetes mellitus during treatment with atypical antipsychotics since 1994 and found that the majority of cases involved clozapine (N=20), followed by olanzapine (N=13). There are fewer case reports involving quetiapine (N=3), and the four case reports involving risperidone are recent. There is not enough information on the occurrence of diabetes mellitus with ziprasidone at this time. However, the frequency of case reports, which suffer from many limitations and reporting biases, is neither a true indication of incidence nor a measure of the relative risk of developing hyperglycemia. The rate found in the current study-14%-is about double the incidence rates of diabetes reported in a large survey of the U.S. population (6%-8%) (47) and somewhat higher than the current prevalence rate of 10% found by Dixon et al. (4) in an extensive study of three national U.S. schizophrenia samples.
Weight gain was not associated with hyperglycemia in our study. However, in a retrospective analysis of 573 patients receiving olanzapine for 39 weeks and more, Kinon et al. (48) found that the median nonfasting glucose at endpoint was marginally associated with weight change (p<0.10). This trend may relate to the longer drug exposure in the Kinon study.
Among the traditional neuroleptics, chlorpromazine (49) and thioridazine (50, 51) are the agents most closely associated with diabetes mellitus, although the associations are weaker than those with olanzapine or clozapine. In our study, the typical antipsychotic haloperidol was associated with an elevation of mean glucose levels within a clinically normal range. Haloperidol has been reported to increase insulin resistance and to be associated with higher fasting glucose levels in obese women compared with control subjects (52) . Haloperidol has also been reported to be associated with higher glucose levels in schizophrenia subjects than control subjects during the glucose tolerance test (53) . Increased insulin resistance in peripheral tissues can be caused by hyperprolactinemia (51, 55) and may be involved in the mechanism underlying hyperglycemia in patients treated with typical antipsychotics. Alternatively, our observation of increased glucose after haloperidol could be related to the low baseline levels in the haloperidol subgroup; we cannot exclude the possibility that regression to the mean underlies this increase.
We also found statistically significant increases in mean cholesterol levels after treatment with olanzapine and clozapine, which remained overall within normal clinical range. There was no elevation in cholesterol levels with risperidone and haloperidol. Weight gain at endpoint was significantly related to cholesterol elevations in the clozapine group and marginally in the olanzapine group. Asimilar association between elevated cholesterol and weight gain during olanzapine treatment was reported by Kinon et al. (48) . Our findings are consistent with open-label and retrospective data demonstrating a greater association of olanzapine and clozapine treatment than risperidone treatment with increases in cholesterol and triglycerides (32, 56) . Henderson et al. (57) found significant increases in both fasting cholesterol and triglycerides in a group of 81 patients treated with clozapine. It appears that the more pronounced effect of antipsychotic treatments on lipid metabolism may be on triglycerides (58-61), which were not measured in the present study. Meyer (32) postu-lated that antipsychotics with a dibenzodiazepine-derived structure (e.g., clozapine, olanzapine) may be associated with significant elevating effects on fasting triglyceride levels and with lesser effects on cholesterol levels.
Limitations of our study include the attrition of our study group during period 2. Although the attrition was governed by clinical factors, it was comparable among the four treatment groups. Given that attrition, we feel that the data for period 1 are more robust. In addition, period 2 allowed for a variable dose of the antipsychotic medication in contrast to the fixed-dose design of period 1. This may have been an additional factor influencing our results. Finally, the duration of Bweeks for period 1 was relatively short and may not have been sufficient to allow for more changes in glucose and cholesterol levels to emerge.
Given the concerns regarding endocrine dysregulation in the context of treatment with atypical medications, we recommend that baseline and 6-month monitoring offasting plasma glucose levels, glycated hemoglobin, fasting cholesterol, and triglycerides be obtained in routine clinical practice with all antipsychotics in order to monitor the risk for development of hyperglycemia and hypercholesterolemia. Fasting insulin assessment, a particularly sensitive measure for glucose control dysregulation, should be performed in patients at particular risk. Baseline weight and regular follow-up weight measurements are further recommended. Given the serious implications for morbidity and mortality attributable to diabetes and elevated cholesterol, clinicians need to be aware of these risk factors when treating patients with chronic schizophrenia.
